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16 iar weight polymer fractions from high 
molecular weight polymer fractions. 

Recently it was discovered that substi- 
tuted olefins can be polymerized to high 
molecular weight polymers, i.e., polymers 

20 suitable for use as a plastic, by employing a 
catalyst obtained on reacting a transistion 
metal compound and particularly halides of 
titanium, zirconium, vanadhim, tungsten, 
molybdenum and chromium mth a. metal 

25 alkyl, Grignard reagent or metal hydride. 
It is believed that the metal alkyl and 
similar compounds react with the transition 
metal compoimd forming a complex contain- 
ing the transition metal in a reduced valence 

30 state. The reduced transition metal is 
believed to co-ordinate with ethylenically 
unsaturated monomers and thereby cause 
their polymerization. These catalysts have 
therefore been referred to as co-ordination 

35 catalysts. 

In the polymerization of substituted 
olefins to high molecular weight polymers 
employing these co-ordination catalysts, the 
polymers obtained, although of veiy higli 
40 average molecular weight, contain a low 
molecular weight fraction due to the wide 
molecular weight distribution of the poly- 
mer. Although the molecular weight dis- 
[Price 4s. 6d.] 



the present invention are high molecular 
weight polyolefins obtained through the 
. homo - polymerization of an olefin having 60 
the general formula R— CH= GHg or • 
-Ri — cif _ CH-|, where E is a monovalent 



hydrocarbon radical which may be aromatic 
or aliphatic in nature and is a divalent 
aliphatic or oycloaliphatic hydrocarbon radi- 66 
cal with a co-ordination catalyst wliich is 
preferably the reaction product obtained by 
admixing a transition metal halide selected 
from Group IV-B. V-B and VI-B of the 
Periodic Table (page 392 of 37th Edition of 70 
Handbook of Physics and Chemistry — 
Chemical Rubber Publishing Co.) with an 
oigano-metallic compound having at least 
one metal to iiydrocarbon bond. The poly- 
olefins are generally crystalline polymers 75 
which have X-ray crystaliinities of above 30% 
and which are generally characterized by 
solubility in hydrocarbon solvents at elevated 
temperature. 

The low molecular weight fraction defined 80 
herein as grease is that polymer fraction 
which is soluble in hydrocarbon solvents at 
temperatures below the melting point of the 
polyolefin. Although low molecular weight 
pol3rmer can be separated by extraction with 86 
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COMPLETE SPECinCATION. 

Separation of Polyolefins. 



We, E. I. Du Pont de Nemoubs and 
Company, a Corporation organized and 
existing under the laws of the State of 
Delaware, United States of America, of 
5 Wilmington, State of Delaware, United 
States of America (assignee of Edwin David 
Johnson), do hereby declare the invention, 
for which we pray that a patent may be 
granted to ns, and the method by which it is 

10 to be performed, to be particvlarly described 
in and by the following statement : — 

The process of the present invention relates 
to the separation of alpha-olefin polymers and 
in particular 1o the separation of low molecu- 

15 lar weight polymer fractions from high 
molecular weight polymer fractions. 

Recently it was discovered that substi- 
tuted olefins can be polymerized to high 
molecular weight polymers, i.e., polymers 

20 suitable for use as a plastic, by -employing a 
catalyst obtained on reacting a transistion 
metal compound and particularly halides of 
titanixmi, zirconium, vanadium, tungsten, 
molybdenum and chromium with a metal 

26 alkyl, Grignard reagent or metal hydride. 
It is believed that the metal alkyl and 
similar compounds react with the transition 
metal compound forming a complex contain- 
ing the transition metal in a reduced valence 

30 state. The reduced transition metal is 
believed to co-ordinate with ethylenically 
unsaturated monomers and thereby cause 
their polymerization. These catalysts have 
therefore been referred to as co-ordination 

36 catalysts. 

In the polymerization of substituted 
olefins to high molecular weight polymers 
employing these co-ordination catalysts, the 
polymers obtained, although of very high 

40 average molecular weight, contain a low 
molecmlar weight fraction due to the wide 
molecular weight distribution of the poly- 
mer. Although the molecnlar weight dia- 
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tribution can be controlled to a certain 
degree by polymerization conditions, su£S.- 45 
oient of the low molecular weight fraction 
remains in the polymer to significantly affect 
the properties of the polymer. The removal 
of this low molecular weight fraction, herein- 
after referred to as grease, to the extent that 60 
it affects the polymer properties is highly 
desirable, since the grease tends to plastioize 
the polymer, thus decreasing such important 
properties of the polyolefins as its high tem- 
perature stability, stiffness, tensile strength 55 
and solvent resistance. 

The polyolefin:s employed in the process of 
the present invention are high molecular 
weight polyolefins obtained through the 
homo - polymerization of an olefin having 60 
the general formula B — CH = CHg or • 
.Ri — CH = CB-j , where R is a monovalent 

hydrocarbon radical which may be aromatic 
or aliphatic in nature and R^ is a divalent 
aHphatic or cydoaHphatic hydrocarbon radi- 65 
cal with a co-ordination catalyst which is 
preferably the reaction product obtained by 
admixing a transition metal halide selected 
from Group IV-B, V-B and VI-B of the 
Periodic Table (page 392 of 37th Edition of 70 
Handbook of Physics and Chemistry — 
Chemical Rubber Publishing Co.) with an 
organo-metallio compoimd having at least 
one metal to hydrocarbon bond. The poly- 
olefins are generally crystalline polymers 75 
which have X-ray crystallinities of above 30% 
aoid which are generally characterized by 
solubility ia hydrocarbon solvents at elevated 
temperature. 

The low molecular weight fraction defined 80 
herein as grease is that polymer fraction 
which is soluble in hydrocarbon solvents at 
temperatures below the melting point of the 
polyolefin. Although low molecular weight 
polymer can be separated by extraction with 85 
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hydrocarbon solvents, such a process ia 
practical only for small polymer quantities. 
On a large scale, such an operation is time 
consuming and expensive, and furthermore 
5 does not give rise to a uniform produ ct. 

It has now been found possible to separate 
the grease, i.e. low molecular weight poly- 
mers, from the high molecular weight poly- 
mers by a process which can be carried out 
10 rapidly and continuously. 

According to the present invention there is 
provided a process for separatiug liigh 
molecular weight crystalline polymer of an 
olefine having the general formula R — CH= 
13 CHa or — R^CH^CH— wherein R is a 
monovalent aliphatic, cycloaliphatic or aro- 
matic hydrocarbon radical and R^ is a di- 
valent aliphatic or cycloaliphatic hydro- 
carbon radical &om low molecular weight 
20 -polymev fractions thereof which comprises 
dissolving a mixture thereof in a solvent, 
heating &e resulting solution to a tempera- 
ture above the melMng point of the polymer 
under sufficient pressure to maintain the 
23 density of the solvent vapour or liquid 
solvent in the polymer solvent phase above 
the precipitation density of the solvent, 
reducing tike pressure to cause the density of 
the solvent in the vapour or polymer-solvent 
30 liquid phase to drop to below precipitation 
density and removing as separate streams, 
molten high molecular weight polymer and a 
solvent-low molecular v/eight polymer phase. 
It is preferred to heat the solution to above 
35 the critical temperature of the solvent. 
TVliilst the pressm^e is being reduced to cause 
the density of the solvent in the vapour or 
liquid poljrmer-solvent phase to drop to 
below the precipitation density it is preferred 
40 to maintain "flie temperattu-e above the 
critical temperature. 

By the use of the process of the present 
invention it has been found that difference in 
the density of a solvent vapour occiuTing 
45 under specific pressure and temperature con- 
ditions can be employed to separate high 
molecular weight linear polymers of ethylene 
from low molecular weight, polymer greases. 
- Thus it was found that although the solu- 
50 biHty of the solid polyolefin in hydrocarbon 
solvents generally increases with tempera- 
ture, precipitation of the high molecular 
weight polymer occurs when a specific 
demity of the solvent is reached by increasing 
55 the temperature- This density is refeiTed to 
hereinafter as the precipitation density. It 
is characteristic of the solvent, and does not 
vary as between liquid and vapor phases. 
Thus, for example, ciystalline polypropylene 
60 is practically insoluble in ?i-pentane at room 
temperatures but does go into solution at 
elevated temperatures, i.e. temperatures 
above 100° C. The polymer remains in solu- 
tion over the range of 120^—180° C. but as the 
63 temperature reaches 180° C. the polymer 



precipitates out of solution because the 
density is not sufficiently high enough to 
maintain the polymer in solution. If the 
temperature is then further increased above 
the critical temperatui'e to about 210° C. 70 
and the pressure increased to approximately 
1800 p.s.i., the polymer is redissolved in the 
super-critical vapor and can be precipitated 
again by decreasing the pressure to cause 
the density of the solvent in the polymer 75 
phase to drop below the precipitation density 
of the solvent. 

The process of the present invention is 
preferably carried out at temperatures above 
the critical temperature of the solvent. 80 
Although the solvent can not exist as a true 
liquid at temperatures above the critical 
temperature, it is possible by increasing the 
pressure to increase the density of the solvent 
in the supercritical phase to above the 85 
precipitation density of the solvent and thus 
obtain a homogeneous polymer-solvent phase. 
If the density of the polymer-solvent phase is 
then decreased below the precipitation 
density of the solvent, by decrease in pres- 90 
sure, precipitation of the high molecular 
weight polymer will occur, which can then be 
removed as a separate phase. At tempera- 
tures above the critical temperattu'es only 
two phases exist, one the supercritical vapor 95 
phase containing the grease, and two the 
liquid polymer phase. Separation of the 
vapor from the liquid phase is readily accom- 
plished due to the difference in gravity of the 
two phases. At temperatures above the 100 
critical temperatm*e the density of the solvent 
is, forthermore, more readily controlled than 
at temperatures below the critical tempera- 
ture, the control being accomplished by mere 
changes in pressure. 105 

The process may be similarly employed at 
temperatures below the critical temperature 
of the solvent. In that case the density of 
the solvent in the polymer-solvent phase is 
controlled by the temperature and the frac- 110 
tions that are formed are a liquid high molecu- 
lar weight polyolefin fraction and a low 
molecular weight polyolefin-Hquid solvent 
fraction. 

The exact temperatures and pressures 115 
under which the polymer separation of the 
present invention is elfected vary with the 
solvent employed and the solid polyolefin and 
are dependent on the precipitation density 
and the critical temperature of the solvent. 120 
Critical temperatures of solvents may be 
obtained from such sources as International 
Critical Tables ; Chemical Engineers Hand- 
book by Perry ; Data Book on Hydrocarbons 
by Maxwell. The precipitation density of 125 
the solvent for a particular polyolefin is 
readily determined by small scale experiments 
such as heating sample solutions of the poly- 
mer under known temperature and pressure 
conditions imtil the polymer precipitates out 130 
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of the polymer-solvent phase and calculating 
the density of the solvent from the pressure, 
the temperature, tlie volume of the solvent 
and known thermodynamic constants. In 
5 the table below are given the pi*eoipitation 



densities of some of the polyolefin solvents . 
with polypropylene. These values were 
determined employing samples of polymer 
solutions under autogeneous pressure 



10 



Polymer 


Solvent 


Critical 
Temperature 
in°C. 


Precipitation 
Temperature 

in°a 


Precipitation 
Density 
in g /cm.^ 


Polypropylene 


pentane 


197.2 


180 


0.39 




7^-hexane 




215 


0.39 



15 The solvents employed in the process of the 
jjresent invention are preferably hydrocarbon 
solvents, which are useful in the polymeriza- 
tion of the substituted olefin as polymeriza- 
tion media. Particularly suitable solvents 
20 are saturated aliphatic, cycloalipbatic and 
aromatic hydrocarbons having from 5 to 10 
carbon atoms, such as the solvents listed 
hereinabove. Tlio term solvent " as em- 
ployed in the present invention, also includes 
25 mixtures of one or more hydrocarbons of the 
class disclosed and mixtures of such hydro- 
carbons with lower boiling saturated hydro- 
carbons. The concentration of the polymer 
in the solvent does not affect the separation 
50 of the two phases ; however, a more efficient 
separation of polymer and grease is obtained 
when the concentration of the polymer is less 
than 20% by weight of the solvent. 
The process of the present invention is 
35 preferably carried out by dissolving the poly- 
mer in the solvent at elevated temperature, or 
employing a polymer solution obtained 
directly from the polymerization vessel after 
the catalyst residues have been removed, 
40 passing the resulting solution into a heat 
exchanger where the solution is heated, under 
sufficient pressure to maintain a homogeJieous 
mixture, to a temperature above the critical 
temperature of the solvent and then passing 
45 the resulting supercritical vapor through a 
pressure letdown valve into an intermediate 
pressure separator. The intermediate pres- 
sure separator is maintained at a temperature 
above the critical temperature and at a 
50 pressure which results in a solvent density 
below the precipitation density. From the 
intermediate pressure separator the molten 
polymer and some residtial solvent is taken 
off the bottom and solvent vapor and grease is 
55 taken off the top. The polymer can then be 
passed into a low pressure separator where the 
residual solvent is flashed off. The super- 
critical solvent vapor containing the grease 
is cooled to temperatures at which the solvent 
450 is liquid. The grease-solvent solution can be 
separated by distillation of the solvent. The 
distilled solvent can then be recycled to the 



polymerization tmit. The degree of separa- 
tion of polymer from grease according to the 
process of the present invention will depend 65 
on how far below the precipitation density 
the density of the supercritical vapor is 
decreased in the separation step. The 
greater the difference between the precipita- 
tion density and the density maintained in 70 
the separation step, the less efficient is the 
separation of polymer and gi-ease. The 
solvent density maintained during separation 
can, of course, be lowered to such a degree 
that the grease ^vill precipitate 'with the 75 
polymer. Such lowering must, of course, be 
avoided in order for separation to occur. 
The density of supercritical vapor in the 
separation step wOl depend on the type, of . 
product desired. If it is desired to have a 80 
product containing Httle or no grease, the 
density of the vapor in the separator is just 
slightly below the precipitation density of the 
solvent. For some products small amounts 
of grease, leas than 2% for instance, may be 85 
tolerated, since such quantities do not affect . 
the properties significantly, but do facilitate 
fabrication. In such a case the density in the 
separation may be a little lower. Since the 
density of the solvent in the supercritical 90 ■ 
phase is accurately and easily controlled by 
pressure, the process of the present invention 
presents a highly versatile method for the 
separation of low molecular weight polymer 
fractions from high molecular weight poly- 95 
mer. 

The process of the present invention is 
applicable to homopolymers of substituted . 
olefins having the general formula E — CH= 
CHft and .-R^— CH = OB- , where R is an lOOv 



aromatic, aHphatic or cycloalipbatic mono- 
valent hydrocarbon radical, and wherein 
is a divalent aliphatic or cycloalipbatic 
hydrocarbon radical. Examples of the solid 
polyolefins in which the low molecular weight 105 
polymer fraction is removed by the described 
process include in addition to the ones shown 
in the examples polybutene-1, polystyrene, 
poly(3 - phenylppopene - 1), poly(3 - phenyl- 
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butene-1), poly(4-phenylbutene-l), polyiso- 
butylethylene, polyisopropyletliylene, poly- 
bicyclo(2.2,l)-heptene-2, and polydihydro- 
cyclopentadiene. 

The process of the present invention is 
further illustrated by the following examples : 

EXAIAPLE I. 
Into a 100 ml. autoclave %vas charged 30 g. 
of polypropylene as indicated below and 600 



ml. of ?z-pentane. The mixture was heated 
with agitation under autogeneous pressure to 
fonn a polymer solution. The solution was. 
then brought to the temperature and pressure 
conditions indicated in the table by further 
heating and /or injection of additional solvent. 
A sample of the mixture was taken from the 
top of tiie autoclave and was found to have 
the composition indicated in the table. 



10 
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20 


Polypropylene 
CompositiQn 


Temp. 
**C. 


Pressure 
p.s.i. 


Density 
g/cn.3 


Wt. of 

Grease 
in Sample 


Wt. of 
Polymer 
in Sample 




100% low ml. wt. 


210 


600 


0.12 


0 






100% low ml. wt. 


210 


600 


0.22 


0.6 g. 






100% low ml. Mii. 


210 


700 


0.31 


0.6 g. 




25 


100% high ml. wt. 


214 


800 


0.33 




0 




100% high ml. wt. 


208 


950 


0.38 




0 




100% high ml. wt. 


209 


1200 


0.41 










210 


2150 


0.45 




3g. 


30 


/ 25% low ml. wt. 
\ 75% high ml. wt. 


209 
208 


850 
1300 


0.36 
0.42 


2g. 
2g. 


0 

2g. 



The table shows the separation of high and 
low molecidar weight polypropylene as 
accomph'shed by change in pressure and also 

35 shows the three solubility stages of the super- 
critical vapor, i.e., both pol3nner and grease 
being dissolved, the polymer being insoluble 
and both polymer and grease being insoluble. 
As can be seen from these results, the 

40 closer the precipitation density of the solvent 
in the solvent-polymer mixture is approached 
by control of temperature and pressure, the 
more complete is the separation of the poly- 
mer from the grease. 

45 The above example has illustrated the 
process of the present invention with respect 
to ?i-pentane as solvent for the polymers. 
Although cyclohexane, because of its solu- 
bility characteristics is the preferred solvent, 

60 the separation process is equally well applic- 
able to other hydrocarbon solvents useful for 
dissolving high molecidar weight solid poly- 
olefins. The separation process may be 
employed on a continuous basis or batchwise. 

65 The process of the present invention is par- 
ticularly useful in combination with a poly- 
merization process wherein the polymer is 
formed as a solution in the polymerization 
medium since such a process will eliminate 

60 the need for a separate solution step. 



WHAT WE CLAIM IS 

1 . A process for separating high molecular 
weight cr5rstalline polymer of an define 
having the general formula R — CB[=CHa or 
Ri — CH = CH-. wherein R is a mono- 65 



valent aliphatic, cycloaliphatic or aromatic 
hydrocarbon radical and is a divalent 
aliphatic or cycloaliphatic hydrocarbon radi- 
cal from low molecular weight polymer frac- 
tions thereof which comprises dissolving a 70 
mistm-e thereof in a solvent, heating the 
resulting solution to a temperature above the 
melting point of the polymer imder sufficient 
pressure to maintain the density of the 
solvent vapour or liquid solvent in the poly- 75 
mer solvent phase above the precipitation 
density of the solvent, reducing the pressure 
to cause the density of the solvent in the 
vapoTzr or poljrmer-solvent liquid phase to 
drop to below precipitation density and re- 80 
moving as separate streams, molten high 
molecular weight polymer and a solvent-low 
molecular weight polymer phase. 

2. A process as claimed in Claim 1 in 
which the polymer is polypropylene. 85 

3, A process as claimed in Claim 1 or 2 in 
which the solution of polymers is heated to 
above "^e critical temperature of the solvent. 
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4. A process as claimed in any of Claims 1 
to 3 in which the temperature is maintained 
above the critical temperature, of the solvent 

' whilst the pressure is reduced to cause the 
density of the solvent in the vapour or liqmd 
polymer-solvent phase to drop below the 
precipitation density. 

5. A process as claimed in any of Claims 
1 to 4 in which the solvenl is a hydrocarbon 
solvent. 

6. A process as claimed in Claim 5 in 
which the solvent is a saturated aliphatic, 
cycloaliphatic or aromatic hydrocarbon hav- 
ing from 5 to 10 carbon atoms. 

7» A process as claimed in Claim 6 in 
wMch the solvent is qyolohexane. 

8. A process as claimed in any of Claims 1 
to 7 in -which the concentration of the poly- 



mer in the solution is less than 20% by weight 
of the solvent. 20 

9. A process for separating high moleoidar 
weight crystalline polymer of an define 
having the general formula as defined in 
Claim 1 firom low molecular weight polymer 
fractions thereof substantially as hereinbefore 26 
described with particular reference to and as 
illustrated in the foregoing example. 

10. High molecular weight crystalline 
polymers of olefines having fiie general for- 
mula as defined in Claim 1 whenever obtained 30 
by a process as herein described and claimed. 

W. P. THOMPSON & CO., 
12 Church St., Liverpool 1, 
Chartered Patent Agents. 
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